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PNEUMATIC FILTER AND METHOD OF MAKING 

FIELD OF THE INVENTION 

[0001] The present invention relates to a filter, and more particularly, a 
pneumatic filter having less frequency of clogging. 

BACKGROUND OF THE INVENTION 

[0002] Compressed gas such as air is often used for starting an aircraft gas 
turbine, or jet engine. Compressed air flows to the starter which causes rotation of 
the compressors and the turbines within the jet engine. When suflHcient air flows 
through the jet engine (reflected by turbine speed or otherwise), the jet fiiel can be 
ignited within the combustion area/combustor to start the engine. Without the 
compressor/turbine rotation provided by the starter, fiiel combustion and air flow 
through the engine will not be sufficient to start the engine. The compressed air 
fi-om the air turbine starter is controlled by a starter valve, such as an air regulating 
and shut-off butterfly valve, and the starter valve is, in tum, controlled by a 
control valve. 

[0003] Typically, the control valve is coupled to a probe that is disposed 
within the same duct within which the starter valve resides. The probe is 
configured to divert a portion of air that flows through the duct toward the control 
valve so that the control valve may be pneumatically operated. 

[0004] At times, the air that flows through the starter valve duct may contain 
various particles, dirt, or other contaminants. When the air is directed to various 
parts of the control valve, such as for example, the orifices, valve mechanism, or 
springs, particles in the air may buildup or collect on the components, thereby 
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possibly decreasing operability and increasing frequency of maintenance. To 
prevent or minimize particle contamination, filters have been used downstream of 
the probe or mounted within the probe. The most common method for filtering 
has been the use of porous filters, such as those consisting of wire mesh or 
sintered powdered metal, embedded within the probe. However, porous filters 
have limited life due to pore clogging and thus necessitate frequent removal and 
replacement of the probe. Other types of filters have included down-streemni 
facing filters. Although these types of filters do not need frequent replacement, 
they are not highly effective filters. 

[0005] Accordingly, there exists a need for a filter with improved filtering 
capabilities. Preferably, the filter operates with or is an integral part of the probe. 
Additionally, it is desirable that the improved filter be low in cost to manufacture 
and does not need frequent replacement. Furthermore, other desirable features 
and characteristics of the present invention will become apparent from the 
subsequent detailed description of the invention and the appended claims, taken in 
conjunction with the accompanying drawings and this background of the 
invention. 



SUMMARY OF THE INVENTION 

[0006] The present invention provides a filter configured to be disposed 
within an air passage, for providing filtered air to a pneumatically controlled 
component. In one embodiment, the filter comprises a main body having first and 
second ends and a passageway extending therebetween, a leading edge, a trailing 
edge, and first and second sides. The first and second sides converge at least 
proximate the trailing edge and are separated from one another by a longitudinal 
slit that extends along a section thereof. The leading edge is configured to divide 
a main airflow containing particles into first and second airflow portions. The 
first airflow portion contains particles and is directed through the air passage and 
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the second airflow portion is substantially particle-free and directed through the 
longitudinal slit into the main body passage. 

[0007] In another embodiment, and by way of example only, an air turbine 
starter is provided. The air turbine starter has a duct, a valve, an actuator, a rate 
control servo and a filter. The valve is disposed within the duct, the actuator is 
coupled to the valve, and the rate control servo coupled to the actuator. 
Additionally, the filter is disposed within the duct and is in fluid communication 
with the rate control servo. The filter comprises a main body having first and 
second ends and a passageway extending therebetween, a leading edge, a trailing 
edge, and first and second sides, the first and second sides converging at least 
proximate the trailing edge and are separated from one another by a longitudinal 
slit that extends along a section thereof. The leading edge is configured to divide 
a main airflow containing particles into first and second airflow portions, where 
the first airflow portion containing particles and being directed through the air 
passage and the second airflow portion being substantially particle-free and 
directed through the longitudinal slit into the main body passage. 

[0008] In yet another embodiment, a method for constructing the filter is 
provided. The method comprises shaping a tube to include a leading edge, a 
trailing edge, first and second ends and a passage that extends therebetween, 
cutting a longitudinal slit into the tube trailing edge, and sealing the tube first end. 

[0009] Other independent features and advantages of the preferred air turbine 
starter will become apparent from the following detailed description, taken in 
conjunction with the accompanying drawings which illustrate, by way of example, 
the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic of an exemplary starter control valve; 



4 



[0011] FIG. 2 is a close up view of the portion of the starter control valve 
within which an exemplary filter is disposed in FIG. 2; 

[0012] FIG. 3 is perspective view of the exemplary filter that can be used in 
the starter control valve of FIG. 1 ; 

[0013] FIG. 3 A is a cross section view of the portion of exemplary filter of 
FIG. 4 along the lines 3 A-3 A showing airflow path; 

[0014] FIG. 3B is a cross section view similar to the view of FIG. 3 A of a 
portion of another exemplary filter; 

[0015] FIG. 4 is a flowchart of an exemplary method for the construction of 
the exemplary filter; and 

[0016] FIG. 5 is a flowchart of another exemplary method for the construction 
of the exemplary filter. 



DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[0017] Before proceeding with the detailed description, it should be 
appreciated that the present invention is not limited to use in conjunction with a 
specific type of valve. Thus, although the present invention is, for convenience of 
explanation, depicted and described as being implemented in a butterfly valve 
shaft, it should be appreciated that it can be implemented in nimierous other valve 
shafts, such as a fluid control valve, and various other machines in which filtered 
air is needed for pneumatic operation. 

[0018] Tximing now to FIG. 1 , an exemplary fluid control valve, or starter 
control valve 100 is shown. The starter control valve 100 is pneumatically 
operated and generally includes a butterfly valve 102, a solenoid control valve 
106, rate control servo 108, and actuator 110. The butterfly valve 102 is disposed 
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within a duct 104 and is configured to open and close the duct 104 to control the 
flow of the pressurized air 1 12 to the air turbine starter (not shown). The duct 104 
may be in fluid communication with any one of various sources of pressurized or 
compressed air, such as, for instance, an auxiliary power xinit, bleed air from the 
compressor stage of another operating gas turbine engine, or a gas turbine ground 
power cart. 

[0019] A portion of the air 1 12a in the duct 104 is directed to the solenoid 
control valve 106 and rate control servo 108 to ultimately operate the actuator 
110. To this end, the solenoid control valve 106 operates a valve mechanism 1 14 
that is coupled thereto, such that when the solenoid control valve 106 is energized, 
it opens the valve mechanism 114, and when it is de-energized, the valve 
mechanism 1 14 is closed. The solenoid control valve 106 is further coupled to the 
rate control servo 108. Thus, when the solenoid control valve is energized, the air 
1 12a is allowed to pass through the control valve air passages 1 16 to the rate 
control servo 108. The rate control servo 108 also has a valve mechanism 1 18 to 
control air flow, specifically, by regulating the rate at which the air flows through 
the air passages 116 and to the pneumatically-operated actuator 110. 

[0020] The airflow 1 12a serves as the pressure source for the operation of the 
actuator 110. The actuator 110 preferably includes a piston 118 that is in 
commxmication with the airflow 1 1 2a and responds to the pressure to thereby 
supply torque upon the butterfly valve 102 in a desired direction and at a 
controlled rate. 

[0021] The portion of airflow 1 12a is directed out of the duct 104 via a probe 
120, which also serves as a filter. With reference to FIGS. 1 and 2, the filter or 
probe 120 at least partially extends into the duct 104 and is preferably mounted to 
the sidewall 122 thereof. 

[0022] Referring to FIGS. 2 and 3, the probe 120 includes a main body 123 
that has first and second ends 126, 128 and a passage 130 extending between the 
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first and second ends 126, 128. The probe first end 126 is preferably plugged, or 
otherwise sealed to prevent air or fluid fi"om entering the first end 126. A sleeve 
132 is coupled to the probe second end 128. Each of these parts will now be 
discussed. 

[0023] The probe main body 123 includes at least two sections, a wing-shaped 
section 134 and a cylindrical section 136. The wing-shaped section 134 has a 
leading edge 138 and two sides 140,' 142 that converge toward one another, at an 
angle 148, to form a trailing edge 144. The leading edge 138 is configured to 
cause particles 146 that may be present in the main airflow 1 12 to follow a path 
along the sides 140, 142 of the main body 123 and to continue along the same 
trajectory once the particles leave the sides 140, 142, as shown in FIG. 4 A. Once 
a particle 146 travels the path along one of the sides 140, 142, it builds up 
sufficient inertia to continue past the trailing edge 144, Thus, it is most preferable 
that the leading edge 138 is curved and smooth, however, as will be appreciated, 
the leading edge 138 can also be beveled (shown in FIG. 3B), so long as the 
included bevel angle is between approximately 10 and 20 degrees and most 
preferably about 13 degrees. 

[0024] As was noted above, an angle 148 is formed between the two sides 
140, 142 of the main body 123. This angle 148, among other things, aids in 
keeping the particles 146 moving along a particular trajectory. Preferably, the 
angle 148 that exists between the two sides 140, 142 is relatively small. In the 
preferred embodiment, the angle 148 between the two sides 140, 142 is between 
approximately 10 and 20 degrees, and most preferably about 13 degrees. 

[0025] The two sides 140, 142 are also spaced apart from one another by a 
longitudinal slit or small gap 150. The gap 150 is configured to be small enough 
so that the momentum of the particles 146 traveling along the sides 140, 142 
causes them to continue along a particular trajectory so that they cannot round the 
comers of the sides 140, 142 to enter the tube passage 130. To this end, the gap 
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150 is preferably between about .005-.010 inches. The gap 150 preferably 
extends along the majority of the trailing edge 144 of the wing-shaped section 
134. However, as will be appreciated by those skilled in the art, the gap 150 may 
extend for any length along the trailing edge 144 such that a sufficient amount of 
particle- free air from the airflow 112 can enter into the passage 130. 

[0026] A cross-section of the wing-shaped section 134 of the probe main body 
123 depicted in FIG. 3, taken along line 3A-3A is provided in FIG. 3 A. The tip 
portions 145, 147 of each of the sides 140, 142 are configured so as to provide a 
tight bend around which a portion of the air from the airflow 106 travels. Thus, 
the tip portions 145, 147 are preferably razor-sharp to help in diverting 
substantially particle-free air into the probe passage 130. Moreover, the edges of 
the two sides 140, 142 are preferably tapered. 

[0027] As previously mentioned, the end of the probe first end 126 is 
preferably plugged so that minimal amounts of air can leak out of the first end 
126. To this end, the probe first end 126 may be plugged with an epoxy resin, 
bent, brazed, or otherwise closed. The second end 128 of the probe 120 has a 
sleeve 132 that is coupled thereto. As can be more clearly seen in FIG. 2, the 
sleeve 132 is configured to tightly fit into a recess 152 of the duct sidewall 122 so 
as to prevent fluid leakage from the duct 104 into the recess 152. Thus, the sleeve 
132 can be an appropriately shaped nut or any other type of mounting surface. 
The sleeve 132 also has a flow passage 154 that extends therethrough to allow the 
air 1 12a to fluidly commimicate between the probe passage 130 and the air 
passage 1 16 of the control valve 100. 

[0028] In the depicted embodiment, the probe second end 128 is located on 
the cylindrical section 136, however, as may be appreciated, the cylindrical 
section 136 can be omitted altogether. In such case, the wing-shaped section 134 
could extend the entire length of the probe 120, thus, the probe second end 128 
would be located on the winged-section 134, and the sleeve 132 and associated 
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flow passage 1 54 (shown in FIG. 2) would be appropriately shaped for coupling 
thereto. 

[0029] The probe 120 can be constructed of any one of numerous types of 
materials that is sufficiently stiff, corrosion-resistant, and provide for cost- 
effective manufacture. Moreover, sleeve 132 can be constructed of a different 
material than the rest of the probe 120. Most preferably, the probe 120 is 
constructed of stainless steel. Although the probe 120 can be constmcted in any 
numerous ways, a preferred method of constructing the probe 120 will now be 
discussed 

[0030] Tuming to the flowchart provided in FIG. 4, each step of the method to 
be discussed is referenced hereafter in parentheses. The first step of the preferred 
method for constructing the probe 120 is to obtain an appropriately dimensioned 
tube (400). The size and diameter of the tube depends on the relative size of the 
duct in which the resulting probe will be disposed. In a preferred embodiment, the 
original tube is cylindrically- shaped. In another embodiment, the original tube is 
square-shaped. Once the tube is obtained, it is cut into a desired length. 

[0031] Next, a portion of the tube is shaped into a wing (402), while another 
portion maintains its original shape. Altematively, the entire length of the tube is 
shaped into a wing. To this end, a wing-shaped mold, preferably having an angle 
of between 10-20 degrees, is inserted into the tube and the tube is crimped until it 
takes roughly the same shape as the mold. Next a slit is cut along the trailing edge 
of the wing-shaped tube resulting in a gap (404). Preferably, the tube is placed 
into a holder and a wire electro-discharge machine is used to make the cut so that 
the desired portion to be cut is essentially eroded or corroded away and into the 
preferred shape. The gap is preferably between about .005-.010 inches in width. 
Optionally, after the cut is made, the wing-shape of the tube is refined. In such 
case, preferably, the tube is placed into a two-piece fixture, wherein each piece 
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has one half of a cast of the wing-shaped mold used above. The fixture is then 
pressed together so that the tube takes the shape of the cast. 

[0032] Then, one end of the tube is sealed (406). The end to be sealed is 
preferably plugged with epoxy resin or any other type of plugging material. 
Alternatively, the end to be sealed can be folded over, or a brazing alloy can be 
used to braze the end closed. At another end of the tube, a sleeve or any other 
type of mounting surface that is appropriately configured to fit into the recess in 
the valve sidewall and moimted on to the tube end is coupled thereto (408). 
Preferably, the sleeve is fit on to the tube end and then a brazing alloy is used to 
fix the two together. Optionally, the tip of the trailing edge of the wing-shaped 
tube is honed so that the trailing edge is razor-sharp (410). Once the probe 120 is 
constructed, it is ready to be mounted to the duct sidewall and positioned so that 
when air flows through the duct, it first contacts the probe leading edge. 

[0033] In an altemative method, shown in FIG. 5, £ifter the tube is obtained 
(502), a longitudinal cut is made along at least a portion of the length of the tube 
(504). The tube can be placed into a holder and a wire electro-discharge machine 
can be used to make the cut so that the desired portion to be cut is essentially 
eroded or corroded away and into the preferred shape. The gap is preferably 
between about .005-.010 inches in width. Then, after the cut is made, a portion of 
the tube is shaped into a wing (506) such that the longitudinal cut is on the trailing 
edge of the wing-shape, while another portion maintains its original shape, or 
alternatively, the entire length of the tube is shaped into a wing. The remaining 
steps of this altemative method are similar to the method described in FIG. 4, 

[0034] Thus, a filter having the capability of serving as a probe has been 
provided. The filter meets the above-mentioned needs and is cost efficient to 
manufacture and easy to maintain. Moreover, the filter does not need frequent 
replacement. 
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[0035] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many modifications may 
be made to adapt to a particular situation or material to the teachings of the 
invention without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment disclosed 
as the best mode contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the scope of the appended 
claims. 



